Albizia species have been shown to have anti-inflammatory and anti-allergic properties. However, efficient analytical methods for identification of their active constituents are still lacking. Ultra-performance liquid chromatography coupled with electrospray ionizationquadrupole time-of-flight mass spectrometry (UPLC-ESI-QTOF-MS) was used to study the phenolic composition of the ethanolic extracts of different parts (flowers, leaves, pods and bark) of A. chinensis. In addition, the antioxidant activity of the ethanolic extracts was evaluated by the 1,1-diphenyl-2-picryl hydrazyl (DPPH) free-radical and 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid (ABTS) radical cation scavenging methods. Four compounds were isolated from the ethanolic extract of the flowers and characterized by 1 H and 13 C NMR spectroscopy as quercetin-3-O-rhamnoside, quercetin, quercetin-3-O-arabinofuranoside, and myricetin-3-O-rhamnoside. Separation and quantification of the phenolics was accomplished using a reversed-phase BEH C18 column with the mobile phase of methanol-water (0.05% formic acid), and detection wavelengths of 360 and 254 nm.
Albizia species (family Mimosaceae) have been demonstrated to possess antioxidant, antiseptic, antidysenteric, molluscicidal and insecticidal properties [1] . The bark is used for the treatment of cough, leprosy, paralysis, helminth infections and allergic conjunctivitis [2] . From the bark of A. chinensis (Osbeck)Merr. cytotoxic triterpenes have been isolated [3a,3b] . Albizia species are considered to be a good source of bioactive compounds including saponins, tannins, sterols, alkaloids, phenolics and polysaccharides [4] . The sedative and antioxidant activity of A. julibrissin was attributed to flavonoids [5a] .
There is intense interest in plant polyphenols, as witnessed by the numerous papers devoted to various aspects of these compounds [5b] . However, little is known about the antioxidant constituents of A. chinensis, a native species of mixed deciduous forest in humid tropical and subtropical monsoon climates. The tree is extensively cultivated in tea gardens for shade and improving the fertility of soil. The plant has been reported to show anti-inflammatory and ulcer protective activities [6] .
Ultra performance liquid chromatography (UPLC) is an advanced form of liquid chromatography having IHBT Communication No. 0868 advantages over conventional high-performance liquid chromatography (HPLC) in terms of improved resolution, shorter retention times and higher sensitivity. The primary aim of this present investigation was to evaluate the total phenolic and flavonoid contents, and antioxidant potential of A. chinensis by DPPH and ABTS assays vis-à-vis ultra-performance liquid chromatography-electrospray ionization-quadrupole time of flight tandem mass spectrometry (UPLC-ESI-QTOF-MS/MS) for phenolicsbased fingerprinting of different parts of A. chinensis, along with the isolation of the active constituents.
Total flavonoid and phenolic contents and antioxidant activity:
Various authors have reported antioxidant activities of Albizia species [7a] . Others have identified and quantified the polyphenols by HPLC [7b] . In this study, the total phenol contents (TPC) of different parts of A. chinensis were measured by the Folin Ciocalteu reagent in terms of gallic acid equivalents (standard curve equation: y= 0.1194x -0.0438, r 2 = 0.9991) ( Table 1) . Total flavonoid contents (Table 1) , as well as the antioxidant capacity of extracts of the different parts of A. chinensis were also determined (Figures 1, 2) .
The total phenol content varied from 23.3 ± 0.7 to 26.3 ± 2.0 mg g -1 in the extracts of the different parts. The flavonoid contents of the extracts in terms of catechin equivalents (standard curve equation: y =0.0131x -0.0149, r 2 = 0.9873) were between 5.1 ± 0.05 and 19.6 ± 0.9 mg g -1 (Table 1) ; the highest amount was present in the bark extract. Hydroxylated compounds, such as flavonoids, are responsible for the radical scavenging effect of plants.
From our results, the content of these phenolic compounds in A. chinensis can explain its high radical scavenging activity.
The radical scavenging assay was based on the DPPH• method, which is one of the methods regularly used for measuring antioxidant potential. As shown in Figure 1 and 2, the scavenging activity of the ethanolic extracts increased in the following order: bark > leaves > flower > pods. Similar results were obtained with the ABTS radical cation assay, with the bark extract showing the highest activity. It could be inferred from our results that there was a positive correlation between phenolic content and antioxidant activity, as the higher activity of the bark extract could be attributed to the higher content of phenols. Based on the results obtained, it is possible that several compounds of different polarities may contribute to the antioxidative properties of A. chinensis leaves, flower, bark and pods extracts. 
Identification of phenolic compounds by UPLC-DAD-ESI-QTOF-MS UPLC-DAD-MS:
Formic acid (0.05%)methanol was chosen as the mobile phase based on the chromatographic peak shape. Increased flow rates were found to shorten the run time, but with detrimental effects on resolution, and a flow rate of 0.275 mL min -1 was finally chosen for faster separation and better resolution. The column temperature was set to 28ºC in order to obtain better resolution and appropriate column pressure.
By UPLC-MS analysis the presence was detected of phenolic constituents (flavonols, their glycosides, procyanidins and galloyl tannins) consisting of 15 known and unknown compounds ( Figure 3 ). The flavonols were found to be glycosides of quercetin, kaempferol and myricetin. The UV spectra showed characteristic absorption bands at 350-367 and 254-266 nm, indicating the presence of flavonols in the extracts. Previously, flavonols and their glycosides have been identified in other Albizia species [4,7b] . Four flavonoids were identified by comparison of their t R and UV spectra as myricetin-3-Orhamnoside, quercetin-3-O-arabinofuranoside, quercetin-3-O-rhamnoside, and quercetin. The flavonol glycosides were eluted in the order of myricetin, quercetin and kaempferol glycosides, respectively. The remaining peaks (peaks [1] [2] [3] [4] show spectral characteristics close to those of procyanidins; their UV λ max are close to those of catechin [8a,8b] . ,9] . ESI-QTOF-MS/MS (in positive mode) of the majority of these ions showed the characteristic distribution of fragment ions in the A. chinensis extracts. Eleven different flavonoids were detected; six quercetin derivatives, three kaempferol derivatives, and two myricetin derivatives. Other peaks were expected to be procyanidins on the basis of UV and MS data. The identified phenols are tabulated in Table 2 .
ESI (+)-MS and ESI (+)-MS/MS:

Experimental
Plant material: The aerial parts (flower, leaves, pods and bark) of A. chinensis were collected from around the campus of the IHBT (CSIR), Palampur, India, in May 2007. Voucher specimens were deposited in the Herbarium of IHBT. After harvest, each of the plant materials was oven dried at a temperature of 40ºC, pulverized and stored at ambient temperature (27ºC) before analysis.
Sample processing and preparation:
All HPLC grade solvents were obtained from Merck (Germany). The powdered plant material (1 g) was sonicated with 25 mL of ethanol in an ultrasonicator bath (Elma Ultrasonic, Germany) at 35 ± 5ºC for 30-60 min. An extraction time of 40 min was taken as optimum on a mass yield basis. The extracts were filtered, concentrated to dryness under vacuum at 40-45ºC, and lyophilized to constant weight. The extract was dissolved in 25 mL distilled water. After 35 min of incubation at ambient temperature the absorbance relative to that of the blank was measured using a XP-2001 Explorer UV spectrophotometer at 730 nm. The total phenolic content of the sample was expressed as mg gallic acid equivalents (GAE)/g of plant material. A total of 50 μL of ethanolic extract of samples was mixed with the same reagent, as described above, and after 35 min of incubation, the absorption was measured at 730 nm for determination of total phenolics. All determinations were performed in triplicate.
Total phenolics:
The total phenolic content was measured using Folin-Ciocalteu's method [10a] . For preparation of a calibration curve 20, 40, 60, 80, and 100 μL aliquots of aqueous gallic acid were mixed with 0.5 mL of 1 N Folin-Ciocalteu's phenol reagent and 1.0 mL of 35% Na 2 CO 3 , w/v, in a 25 mL volumetric flask and the solution was made to volume with distilled water. After 35 min of incubation at ambient temperature, the absorbance relative to that of the blank was measured using a XP-2001 Explorer UV spectrophotometer at 730 nm. The total phenolic content of the sample was expressed as mg of gallic acid equivalents (GAE)/g of plant material.
Total flavonoid content:
Total flavonoid contents (TFC) in the extracts were measured using a modified colorimetric method [10b]. For preparation of a calibration curve 20, 40, 60, 80,100 μL of catechin was mixed with 0.3 mL 5% NaNO 2 , w/v. After 5 min, 0.3 mL of 10% AlCl 3 , w/v, and after 6 min, 2 mL 1M NaOH, w/v, were added to a 10 mL volumetric flask. The absorbance of the reaction mixture relative to the blank was measured spectrophotometrically at 510 nm. The total flavonoid contents of the extracts were expressed as mg of catechin equivalent/g of dry plant material.
DPPH scavenging assay:
The radical scavenging activity of the extracts was measured using a slightly modified method of Blois [11a] . The extracts (0.1 mL) were added to 2.0 mL of 100 μM DPPH• solution prepared in 80% aqueous ethanol. The mixture was shaken vigorously and allowed to stand at 23°C in the dark for 30 min, and then the decrease in absorbance of the resulting solution was monitored at 517 nm against an appropriate blank.
ABTS radical cation scavenging activity:
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The ABTS radical cation was produced by mixing the ABTS stock solution with 2.45 mM potassium persulfate (final concentration) and allowing the mixture to stand in the dark at room temperature for 16 h before use. For the study of extracts, ABTS•+ was diluted with ethanol to an absorbance of 0.70 ± 0.02 at 734 nm and equilibrated at 30°C. After the addition of 2.0 mL of diluted ABTS •+ solution (A=0.70 ± 0.020) to 0.1 mL of extract, an absorbance reading was taken after 4 min, with an appropriate solvent blank run for each assay.
Isolation of major flavonoids:
The air-dried flowers (1.5 kg) were powdered and extracted with ethanol at room temperature by percolation (1 L×3). The combined extract was evaporated to dryness under reduced pressure. The residue (200 g) was then suspended in H 2 O (1.0 L×3), extracted with n-hexane (1.0 L×3), EtOAc (1.0 L×3) and n-BuOH (1.0 L×3), successively. The EtOAc extract (40 g) was subjected to repeated CC on silica gel (60-120 mesh) with CHCl 3 : methanol (100:0→10:90) to give compounds 6 (35 mg), 10 (30 mg), 11 (106 mg), 15 (45 mg).
Instrumentation and separation conditions:
UPLC was performed using a Waters ACQUITY UPLC System (Waters, Milford MA, USA). Separation was achieved using an ACQUITY UPLC ® BEH C18 column (100 mm, 2.1 mm i.d., 1.7 μm particle size; Waters) maintained at 28ºC, with a mobile phase flow rate of 0.275 mL min -1 .
The system operating pressure was 11000 psi at initial gradient conditions. The mobile phase contained water, 0.05% formic acid (A) and methanol (B). Gradient elution was employed starting at 35% B, held for 1.0 min, then shifting linearly B to 40% over 3.0 min, 50% over 5.0 min, then decreasing to 40% over 6.5 min, 35% over 7.0 min and re-equilibrated for 1.0 min, giving a total cycle time of 8.0 min. The injection volume was 1 µL with partial loop injection using needle over fill mode. The peaks were detected at 254 and 360 nm. A time-of-flight mass spectrometer with electrospray ionization (ESI-MS) inter face was used for fingerprinting (Micromass, Manchester, UK) . For UPLC analysis, data acquisition was performed using positive ion mode over a mass range of m/z 50-1000. The general conditions were: source temperature 80ºC, capillary voltage 3.1 kV and cone voltage 23 V. Positive ion ESI-MS analysis was performed by direct infusion with a flow rate of 10 μL min -1 using a syringe pump.
